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Abstract——

lShort f tber felts structures can be’

~made which provide improvement ts in [

properties over foams. In applica-l
tions where resistance to comprcs-

1
s+on set or stress relaxation arc

I

I

important. bonded fiber felts CXCC1
I

due to the flexing of individual ,
I

.,. ‘ifibers within their elastic limit. ~I
~Fclts of stainless steel and poly- ‘

,,.!.
. . . -

;estcr fibers wer’e’”pr’e~~red by .“ ‘
I,dcposition from liquid slurries.

‘Compressive properties were dut,cr-
1

~minl’d as d function of felt p~rcnt

hdl[’ria]. extent of bonding, fult
I
jdm:fiily, irnd lcllg::]-to-dlallleter’ ,

!(L/D) lbtiU of starting fibers, ‘
I I
I 1. INTRODUCTION
I I
iUy frll. ing short fibers of various ,

‘Ill,lt(priill’. irn(l sub~cqucntly I)otldll]g

thu fibcirs tugu~hur at their inter-’

src! ir)tl’l, low r.lcnslty matcri~lr can:

,br hltidu ICtmt hdvc intcrcstill~ phj%i-
1

‘Cal 111’lqlt’rt ii!%. The ult.ii::.:l,c pro-
1

pmt.lt”l ol)tilint!d ilrl? II fu:lctlotl 01 I
‘S(!V~’l’ill Vii/’ldblC!5> illCllJ(Jlll~: fllJ12t’1

nmtcrici; ; bonding mmlium; find
I

lcIIgl.11-l.n.d idmcl(!t’ (1./0) rdt,ln of
. .

I

I ~
i
I

i!
‘fiber used. I1I

i
A laboratory-scale technique w~s

1 i
idevelopcd for felting and coating ,

lfibcrs. Some physicill properties ~
I

I
have been determined for smplc ‘

I

I
felts i~z functions of L/D, fiber I

i
,nmterial ml cx~cn[. of fclL codking.
I

I
In layr!rs up to 1?.7 mm thick. such!

I ~,::<:
,fclts could hc used as cushions ~i,.,, ~1:~

with iltl.rilc~ive propcrf.i(!s, [{y ;. .. . . .. .,
iclecting ribcir!i such tls ciIr’hmI ‘;

I I
or stainlcsr sl.ml, Lh(! str~ss :

I
,relnxnLion And Cmprc+!iioll Set i
failure of LIN2 cushion could I)Q

I I
greatly rwlucccl, %inco indivlduill I
I
,brittlc films could F!cx within

i

I
thuir Clil!;tic limit Wil.tlOut, cl(!fo)m.-,

,tiun.
I

2. Fl:l.1” l.AIIl{ 1CA”I”10:1
I

i
rib~ in virriou:; IIIP1.d 1, crrdmif: ,
1
and polyrIu!ric tIIiIturluls (Irr bmmin..

1
ing iticr(:n~ingly nvirllnl)lc couw!r- ,

Cially. Ivgllrl! 1 511(IW:1 I (Nil’ ..)llll..

dim z I a lnlc!!; ri :t I.(!P1 F I bl!r% ch[!:)p(ld
1

I

into em’. mtu ill lwgllh. ‘1II(! f’il)(? r’,
I

orc frqu(v)l.ly supplird iIl riWol~-

‘Iikc Ixmllcs, held lightly togcl.hrr ‘
I I
with irn orgmic sillng mdMiiI1. .

I m
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4 Mlcl{uN STAI14LESS STEEI,

CHOPPED IMMO-LENGTH
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Figure 1. Fibers Bundles.

The fiber bundles were scp~rato-!

into individual fibers by vigorous

agitation in hot water. The sus-

pending ltquid was th~m chfingccl to

isopropanol. Figure 2 shows the

individual fibers as they WCIOC

being agitated in the alconol.

.
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I

i

I

!

I

;-
and the fibers acpositcd on the

.filtcr as a felt.

,,

I

I

,

~Fiyure 3. Inverted Mchncr ~
funnel with vacuum. i

!
‘Figure 4 shows a dupositcd fnli on ,

I
I il~:-::

.,
..:

,---- .-

1
I
!
I

I

‘tile filter,
I ,. . .. . . I

I i

I

1’
● . .

I

I

I

I ,,
1 .’ ,“.

.?., . ..*’ d
,,. . .

I

- -,* I-,,J .

..,.,. +.:,!5! ;;::tii ,%. . :. ..,, ,: ::.. . .

I

I
‘L:k:
‘“i:’”:::

,’-.
.1

i
i
I
1

, I.iqurn 40 [(!]1. w I“rillvd Iil LPI.. ‘

In mk’r I o Imml khr Film.k t ogI’1 -
i
I

Of tlil 1 i“ .l~ll’11.~ Wil!i 111’dwll ltlw’gh III(’

‘In FigutILI 3 m u [hlchnl!l’ fmln(’1 HILII ‘
I

~ ft’lttcd gl~sfi fil~(!l. l!! ‘Ihowll

: invcrtu(l Into t.llu ,1~1 I,ill,l’11 S1l’l,

I

I

pcvlsl(ln. A vacuum druw th(~ 1.1lNlr -

: liquid susp’’ils ion Into thu fUIIIICl, ‘

I,,I,.

f~ 1 t ~)1”(’[!il,’(?d In t.11i:; Ilhllln.!f” w i I I ,
I

1111I ,lfI~I.l~l(l III ,11, “II(MIIIIIII f’ il)llltl,,” ,

‘ IIltlt”r t.!w “cIhll IIIl” II!II% will I)(I ‘
I I

Sul)j[v:l.rll Lo furl,hrr r:mllllg piw
I

, c[!dur[~%.
I I
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A coating was adclccl by dr~lwing an;

epoxy resin solution wilh curing ,

agent through the felt. Thi> ;

leaves the felt wet with solu-

tion. The solvent evaporates

and the epoxy cures. Coating ex-

tent c~n be controlled by solu-

tion cmcentrat.ion.

The types of organic coatings

which can be used arc quite

extensive. For tensile strength,

strong resins such as polycarbo-

natc could be applied to inor-

ganic felts by solulion and

subsequently heat treated to

fo~ v::{ strong Imt-melt
r

I

bonds.(l’ ElasLmeric coaLlngs

could k used whwc rubkry

linkage CF films is need:d.

A concluctlv(q felt could k

electt”cqjlaLrd with a mc!Lai

co~Ling. The? potcllli[~l Ior

such mdt(v”itils c(m:pCXiLc% will

be Lhe focus of ful.urc work.

‘ shows vllri(m IIll![lVIiL113Figllt”c J

wh lCiI h.IV(m l~~(!ll [P1 Lt!(i hy lII:!

t.uchq iql:,! (1(’wrilnxl.

VAIIIt JIII: l“1”l.T MAri-lilAl.S

‘ figure !). Vfir’ious fcllr4

lllilLCridlSm I

.=

I
Figure 6 shows Immisplmrical shell

gconleLrics.
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Figure 6. Hemisphericalfelts.

3. PR(P11{1IES TESTII{G

Th9 a>s(~;iil)ly shown in Figure 7 was

U5MI Lo mmsurc cmprmsive propcr-

tim of scvcml tells.

.

Figuru 7. Ctnnlnm(%tiiun Lc:.L 11
1.

a5s(411hly. 1.I

‘ TIICwhlk frIt In Lhl’w Lcr Is :

mI~wlqI,d lhI III Igl I II I L!(111’ding

Ifml cull ilgdllhl.J rhd Pohm ‘

Figure 0 shows d lYPlcdl Lhdr’1 t
I

recording of 5.0 gt”atn increments ‘
I

i ‘.
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of load. The CCEllh”C5StV[’ (til[tl Iwillbeprczcntcd laLcr to help I

Irigim 10 show, $hniliir d,ih fol”

polyester felts f~oul fib;?rs of

dif!rrent L/[)’s. Wwccnt solid% ‘

VOILK:L (imd th[?rcforcdf!nsily)

becor~c+lower as the L/D hcco,nas :
i I

greater. ‘-,..
! ,;;:,

. . . -- . I..- -
snow tnv cTTccts of nnc IcIL

construction variables.

The reproducibi1ity of fclts

MS determined bymeasurfng the

volume of solids content far

several samples of stainless

steel and polyester fiber felts.
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“ suit is not uncxpl’cl.rd,wi [h ‘

shorlcr fihur shuwinflgrclltW’I
densi I.y, inwftlr ar short (II”

I

, fibers cm h? cxpectcd to

~ oricnt and p~ck more, with

fewer bridging lntcr~ctio’~s.

Figure 12 shcws the expected

linear relationship of ccating

added to coating solution con-

centration. The coatin medium

for this wor!cw~s EporI!)‘ 82EI,

an cpicholorohydrin - bis-phenol-

A cpmcy, curcd with di~thYlcnc-

trinminc.

i
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Figure 13. I
The amount of CPOXY pickup as a ~

function of L/D shown in Figure 14

is not what one would intuiLively

Cxpect. Smaller l./llraLios, or

shorter fibers with more surface

area pcr uniL wuiyhl, might hc

expcctcd I.oaccrpt more coating.

pl,l~.1:~.r l:ll~y~ [II(’K 1111VI Fllll:l{ l., II
Irll l:! 1111111,11 p,llwill’l 11119,1,.

..!:

, La, ,

mmm,s, . , ,

●“kpim “ resins tradcmnrk of

Sllcllmllllcdl co,
1
~

nmp IIv.111 III Iuwllu Will I’ll

I

Flgurc 14.
1

1 .
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however, the coating webs at fitwr 1

intersections, can be seen iII Figs:

15and 16. Longer fibers will have’

more intersections, which helps to ~

explain the greater coating pickup
I

data.

‘ Figure 15.
I

Webbing at intcrscc-;

ttons.
1

I

I

I
i
I

I

I

I

I

I

I

1

i
i

Uncoated pillyP!,t.(!r fells of V_II-i[IU2’

L/D’s wet-c compflt-cd in comprcssiorl.

Figure 17 ~h:)w tl]~t cm]lpre:,~ivc

strcngttl increases ror felts maclt

from fibers ofclecreasing L/D.
1

i., j“-

C-(J\!l’R}L-Sl(lX C1;I?VFS } OR l;’ ~[1(”1~()~ lto[,}”t::~l’i;l

flhtv’ fl’llh ill K.ll”lflll!. 1,/1),;
~- ,- 3 -1 111(:11d[.,111,.1(.r s,II IIpll...: - .,

I

01 ‘1 1 I I
o fl l:) 1’1 .q1 :’:1 .UI

Is,’hf I - r C,.UI.,, Ill.,

‘ Figurr !7.

In Figure 10, 11)[! (:fi(l(:L$ Or ~(),lt -

ing on two Scpdrd L(I 1./[) f“i Mr.

roll. ios drd gr dl]tl(’[1. Tll~ ~~iil.irl~

ties cnd~ illld itl!.f:l.fl(:cti(lllfl Lo-

Y ‘
///I. Kl,t!@.11I 1) 1.s11,,

p

h 11,. .’,..0 ,, y,. ,“.’,
m1111 :.’
,, VI,+ ‘t.’. .

I
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Figure 19 shows plots for sLain- ;

less steel felts with threu

dlffcrrntcpoxy coating ccml.mt

By increasing the epoxy con~ttnt

15%, compression for a given

load is reduced at least 50t;,

yet total solids percerlt only

, Increase by 3.

I
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a
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, ml
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“ 9 mm
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1
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Ftgurc 19.

By kc(’p:ng the comprcsslvc lna(

cons?~mt ml varying fihcr L/~

the curvns In ~lgurc XI WOI-(!

gcnerdtcdm The solid lillc WCIS

drmwrl %moothly though LIILI dill.i

Ilowevt’r, the dashk?d llnc nlight

lx: n rwl condition. AC*fi!lrr

:mglh incrmwi~ there my bc

a p[]illl. at which il kl:l cfff!ct

is 011’,1’rv[!d . (’)ncl* ir rml buckl(

In thr cent.cr Its flrxunl pr(]-

pur 1.i i’~, alnvl; ll I y Ixcumu non-

Iinl.dl, which mdy bc Whdt. 1%

Olvx’tw(d in tho (!nst:nd 1 inu.

I

i

i

1
,

i
,
1
I

i
I

I
,
i

,
1.

I

Fill 1:11~:111:1} \# Pltll:lt1. 1)
f(4 11!:1111?lfl Il,d rf.llm (p,,,)

. . . .

u

FIIII H I,W I \ m \l %1.1...+ STW1. IW.T

Figure 20.

Figure 21 shows pcrccnt compr-

ession as a furlcLiorl of pcrcunt

solids. lncrcasing Lhc solids

contcr]l of a f~lt lowers t!lc

compression di~l.m.Llm unclor a

glvcn 10W.I.
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4. TAILORING OF PRO;ERT1[S ;
I i
\matrix. Tailoring of prc)pc-ties ‘

Fiber felting offers a method for :
I
is effected by varying the fiber

tailoring the end properties needed nterial, L/D of fiber~, Iac.1 coa!.-

in a low density structure. Den-- , ,

!sity, for example, can be tailored 1
I

in one or more of three ways.
~

.— i

,..
1;.

p:! . . . .

Selection of the fiber materials is: ‘
. . .,

me way to adjust density. The !
I

second way Is to select an L/D to

achieve a desired density. The

smaller the L/D the higher the

ccnmposite density (see Figure 10).

The third way to adjust density is

to vary the amount of coating added
I

to the felt, as shown in Figure 13. I
Adjustments to other properties of i

a structural felt can also be made

by changes in fiber material, L/D
I

of fibers, and quantity and nitture
I

of the coating. There arc trade-

offs in designing properties. For
I

example, for a given fiber nta~c- 1
1#

I

\l

‘Fi%inTn-”otde?’ ‘to” fncre-sic” COIiI-
......._

I

I
prcssive strength it will bc

I
necessary to increilsc density.

}Iowever, with the broad r~nge of
I

i
Ifibers commercially avail al)lc, it

iImight be possittlc to achieve the ,
I,desircd compressive strength at

~low density by sclcctinq II higher-
i

!
“modulus fiber.

5. Cot{cl.llsloils I
:Low drnsil.y structural composites

~with cu~torn-tailored cnd propcr-

tius can be made by fcltir]g dnd
I

I I
~honding fibers. Such st.ructurcs ,
I
:can take advantag~ of Lhc mat.cr- ,

~ials properties of the fiber, as ,
WC1l as the three-climensional and

~low dcnsi ty properties of the I
-..- . !-.. .

I

I

ing of the fibers.

~hc felting technique is applicable
I~or making felts up to 12.7-mm ~._ i~::.”. :.x.:

:hick-reprodtikibly:” ‘Such -strticture~

)re useful in compressive cushion i

Implications, where the flexing of 1

‘individual zero-creep fibers limits!

stress relaxation and compression I
I

set. The low density feature is ~

Iattractive where weight or mass
I

i

must be limited. I
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